provides preliminary support for the conceptualization of fatigue as existing on a continuum, with tiredness anchoring one end and exhaustion the other. Persistent fatigue experienced by HCT survivors is more severe than the occasional tiredness of everyday life. U nderstanding persistent fatigue in hematopoietic stem cell transplantation (HCT) survivors is crucial for expanding symptom science, particularly as it relates to long-term cancer survivorship. According to recent estimates, over 20000 transplantations are performed annually in the United States, 1 and these numbers are expected to increase. The treatment is not without risk. Hematopoietic stem cell transplantation and the preparatory high-dose chemotherapy regimens given before HCT are associated with significant mortality 1 and long-term morbidity, including persistent fatigue. 2, 3 Fatigue is defined as a subjective lack of physical and/or mental energy, despite adequate access to sleep or rest periods, which is perceived by individuals to be out of proportion to recent activity and interferes with usual and desired activities over time. 4 The prevalence and severity of fatigue immediately after HCT has been described as intense, with some cancer survivors reporting problems years following treatment. 3, 5 Up to 44% of long-term HCT survivors report persistent moderate to severe fatigue even though they are disease-free.
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In other cancer survivors, persistent fatigue is frequently associated with decreased physical activity (PA), 11, 12 sleep disturbances, 13, 14 emotional distress, 15 and cognitive dysfunction. 16 Biological markers associated with fatigue and the stress response include elevated cytokines, particularly interleukin-6 (IL-6). 17 In HCT patients, increases in IL-6 and soluble tumor necrosis factor (TNF)-R1 significantly predicted increasing severity of symptoms, including fatigue, during the acute posttransplantation period. 18 Little is known, however, about the association between fatigue and biomarkers in long-term HCT survivors with persistent fatigue.
As the number of HCT survivors continues to grow, symptoms or problems that impact long-term outcomes need to be identified. No studies found in the literature comprehensively examined persistent fatigue and the relationships among persistent fatigue, PA, sleep disturbances, emotional distress, cognitive function, and inflammatory biomarkers in HCT survivors. Unlike fatigue associated with cancer and active cancer treatment, persistent fatigue in HCT survivors may be a distinct and separate phenomenon that more closely resembles chronic fatigue syndrome, now known as systemic exertion intolerance disease, than the fatigue associated with cancer and active cancer treatment. 19 Most of the work examining persistent fatigue in cancer survivors has been conducted in breast cancer survivors 20, 21 or heterogeneous groups of cancer survivors. 22 In HCT survivors, it is unknown how persistent fatigue compares to occasional tiredness normally experienced as part of everyday life and why some HCT survivors continue to experience fatigue in the absence of cancer and cancer treatment. Systematic characterization of persistent fatigue, PA, sleep, emotional distress, and cognitive function as experienced by HCT survivors compared with a group of matched healthy controls with occasional tiredness would facilitate our understanding of fatigue as a biobehavioral phenomenon. From a cancer survivor perspective, providing information regarding the difference between occasional tiredness and persistent fatigue lasting more than 6 months is critical for helping HCT survivors navigate through their new normal. This pilot study examined fatigue, PA, sleep, emotional distress, cognitive functioning, and biological measures, including inflammatory biomarkers, in HCT survivors with persistent fatigue lasting more than 6 months compared with age-and gender-matched healthy controls with occasional tiredness.
Conceptual Framework
Understanding the conceptual differences among tiredness, fatigue, and exhaustion is a difficult problem facing researchers who are interested in studying fatigue in cancer survivors, such as those who have undergone HCT. Fatigue and tiredness are frequently interchanged in the lay and healthcare literature. This creates conceptual confusion when trying to compare persistent fatigue after HCT with occasional tiredness that is normally experienced as part of everyday life. The Fatigue Adaptation Model suggests that tiredness, fatigue, and exhaustion represent 3 distinct behavioral states that exist on an adaptation continuum, with tiredness anchoring one end and exhaustion on the other. 23 Applying Selye's General Adaptation Syndrome, tiredness occurs during the alarm stage, fatigue occurs during the resistance phase, and when the body resources become depleted, exhaustion (the final stage) ensues. 24 Tiredness precedes fatigue and fatigue precedes exhaustion. Differences exist in key behavioral domains as one moves from tiredness to fatigue to exhaustion.
The Fatigue Adaptation Model was used as an organizing framework and guided selection of potential biobehavioral correlates of persistent fatigue. 23 According to the model, behavioral correlates of tiredness include feeling sleepy, impatient, absentminded, gradual loss of energy consistent with energy expended, and muscle weakness after work. With adequate rest, tiredness resolves, and the adaptive response is successful. In this study, we hypothesized that healthy people who have experienced occasional tiredness during the past 7 days are able to adapt through rest, thus preventing the progression from tiredness to fatigue. In HCT survivors with persistent fatigue lasting more than 6 months, the adaptation has not been successful and the behavioral correlates associated with fatigue and possibly even exhaustion may be present. The working hypothesis is HCT survivors with persistent fatigue experience decreased PA, more sleep disturbances or not feeling rested despite adequate sleep, emotional distress, cognitive dysfunction, and altered biological markers typically associated with fatigue.
n Methods
Design
This pilot study used a comparative descriptive design to evaluate fatigue, PA, sleep, emotional distress, cognitive functioning, and inflammatory biomarkers in HCT survivors with persistent fatigue that is not relieved with rest compared with age-and gender-matched healthy controls with occasional tiredness that resolves with rest. To capture patient-reported and objectively measured data, a combination of methodological approaches were used: (1) patient-reported assessments of fatigue using a standard self-report questionnaire (Chalder Fatigue 
Sample
The sample (N = 50) was composed of adult HCT survivors with persistent fatigue (n = 25) and matched healthy controls with occasional tiredness (n = 25). The HCT population was specifically selected because the preparatory high-dose chemotherapy regimens given before HCT are prime examples of intensive cancer therapy. The more aggressive or intensive the cancer therapy, the more likely one is to develop persistent fatigue 25Y28 ; thus, the HCT population serves as an excellent model for conducting a biobehavioral examination of persistent fatigue in cancer survivors.
Eligibility criteria were established for all participants, with additional criteria for the healthy controls and HCT groups. All information was self-reported. Eligibility criteria for both groups included (1) at least 18 years of age, (2) able to ambulate without assistance, (3) no history of major psychiatric disorder, (4) no current major anxiety or depressive disorder, and (5) no current diagnosis of a sleep disorder, such as sleep apnea. Healthy controls met the following additional inclusion criteria: (1) selfreported occasional tiredness in the past 7 days; (2) tiredness generally relieved with rest; (3) no history of a chronic condition, such as diabetes, heart disease, and cancer; and (4) no history of a condition in which fatigue is a common complication, such as multiple sclerosis. Healthy control subjects were excluded if they had any infectious, autoimmune/inflammatory diseases or were taking immunosuppressive medications. The healthy controls were matched by gender and age (within 5 years) to the HCT survivors.
All HCT survivors met the following inclusion criteria: (1) complete remission of cancer for at least 1 year after allogeneic or autologous HCT, (2) self-reported persistent fatigue during the previous 6 months, and (3) fatigue generally not relieved with rest. HCT survivors with severe acute graft-versus-host disease (Grade III and IV), extensive chronic graft-versus-host disease, and/or taking steroids for another medical condition were excluded from the study.
The HCT survivors with persistent fatigue were recruited through local flyers, Web advertisements, and postings on BMT Info Network (http://www.bmtinfonet.org/). Normal healthy controls were recruited though word of mouth, local board and Internet postings, as well as ResearchMatch, an online registry for research volunteers.
Instrumentation

MAJOR DEPRESSION AND ANXIETY DISORDERS
All potential participants were screened for major depression and anxiety disorders using the Hospital Anxiety and Depression Scale (HADS) during recruitment. 29 The HADS is a 14-item instrument rated on a 4-point Likert scale; reliability and validity are well established. 30 Item scores are summed to form a subscale score, with higher scores indicating higher levels of depression or anxiety. Designed for outpatients with medical illnesses, and widely used in people with chronic disease, somatic indicators of emotional distress or items referring to a clinical cause are excluded. This reduces bias toward symptoms resulting from concurrent medical conditions. Potential participants were initially screened with the HADS. Potential participants with subscale scores of 19 or higher, indicating major anxiety or depression disorders, were ineligible for study participation.
FATIGUE
Fatigue was measured with the Chalder Fatigue Scale
31 and the Fatigue Short Form (PROMIS instrument). 32 The Chalder Fatigue Scale is a self-report instrument that measures physical and mental fatigue. The 11-item instrument has excellent psychometric properties and has been successfully used in communitydwelling participants.
33,34 A 4-point Likert scale for responses is used. Higher scores indicate greater fatigue. Normative mean (SD) scores for the overall fatigue score have been reported as 12.2 (4.0) in the general Norwegian population. 35 The Adult Short Forms of the PROMIS instruments, including fatigue, are described in detail below.
PA AND SLEEP
Physical activity and sleep were objectively measured using a wrist-worn accelerometer (Actiwatch-Score, Philips Respironics, Bend, Oregon). This omni-directional accelerometer monitors the occurrence, degree, and magnitude of PA. The piezoelectric motion sensor integrates degree and speed of motion and stores the information as activity counts in 1-minute epochs on the Actiwatch-Score memory. Physical activity is reported as the average PA count per minute over 7 days. Intrainstrument and interinstrument reliability for the wrist-worn accelerometer were established using a shaker table under 6 different conditions of various intensity. 36 Intrainstrument and interinstrument reliability has been established, as well as concurrent validity in people with chronic illnesses. 37 Wrist actigraphy has been successfully used in HCT patients, with expected reductions in PA immediately after HCT, providing further support for convergent validity. 38 Sleep variables were computed using Actiware software (V. 6.0). Data are stored in 1-minute epochs and the software scores each epoch as wake or sleep. Using an automated process, the software determines sleep start by searching for the first 10 minutes during which no more than 1 epoch is scored as ''wake.'' The software assigns rest, sleep, or active intervals based on activity counts. The default software settings were used for the analysis, as recommended by the manufacturer. The sleep parameters produced include total sleep time, sleep latency (minutes until sleep onset), sleep efficiency, frequency and duration of awakenings after sleep onset, and number of awakenings. Sleep variables were scored for each 24-hour period, and a mean was computed for nighttime sleep. Intrainstrument and interinstrument reliability was established using a shaker table under 6 different conditions of various intensity to produce a range of accelerometry counts. 36 Wrist actigraphy is highly correlated with polysomnography, the gold standard for assessing sleep. 39 Compared with polysomnography, wrist actigraphy is highly accurate (86%) and sensitive (96%) for detecting sleep. 40 It has been successfully used to assess sleep and sleep disturbances across a wide range of populations, including people with cancer.
38,41
FATIGUE, SLEEP DISTURBANCE, AND EMOTIONAL DISTRESS
The Adult Short Forms of PROMIS were used to measure fatigue, 32 sleep disturbances, 42 and emotional distress (anger, anxiety, and depression). 43 These instruments are reliable, valid, and precise. 44, 45 Computerized versions of the 5 short forms (fatigue, sleep disturbances, anger, anxiety, and depression) were used in this study. The PROMIS instruments use a 5-point Likert scale and use 7-day recall. Scores are standardized (mean [SD], 50 [10] ) and normed to a reference (US) population. Higher scores indicate higher levels of fatigue, sleep disturbances, and emotional distress (anger, anxiety, and depression).
COGNITIVE FUNCTIONING
Cognitive functioning was assessed using well-established and objective neuropsychological tests. 46 Computerized versions of tests (CNS Vital Signs Clinical Core Battery, Morrisville, North Carolina) that have established psychometric properties with available normative data were used. 47 The specific tests included (1) Verbal Memory for memory recognition for words, (2) Visual Memory for memory recognition for figures, (3) Finger Tapping Test for motor speed and visual-motor ability, (4) Symbol Digit Coding for psychomotor speed, (5) Stroop Test for information processing speed, (6) Shifting Attention Test for executive function, and (7) Continuous Performance Test for sustained attention.
BIOLOGICAL MEASURES
Venous blood samples were obtained from an antecubital arm vein and drawn into heparinized tubes for cytokine and CRP determination and into tubes containing ethylenediaminetetraacetic acid for the CBC/differential. Venipuncture was selected as the method for blood collection considering reports of increased local cytokine production in response to an indwelling catheter. 48 All participants provided samples during the day time, and the technicians documented the exact time of blood collection considering reports that a subject's morning and afternoon values could differ. 49 Ninety-two percent of the sample (n = 45) were drawn before 1:00 PM. To obtain plasma for cytokine and CRP analysis, tubes were centrifuged at 13200 rpm at 4-C for 10 minutes. Plasma was separated into aliquots of 200 2L each and frozen at j80-C. Cytokine determination for local participants was determined using the Quantikine high-sensitivity enzymelinked immunoassay (R&D Systems, Minneapolis, Minnesota). Assays from nonlocal participants were performed by Quest Diagnostic Laboratories using high-sensitivity enzyme-linked immunoassay. Level of CRP was determined by end point nephelometry, and CBC/differential was performed using automated microscopy and colorimetric method (Quest Diagnostic Laboratories).
Data Collection Schedule and Procedures
The institutional review board approved this study. Potential participants responded to recruitment flyers and Web advertisements for research. Participants self-identified as HCT survivors with persistent fatigue or healthy controls with occasional tiredness. A telephone screening script was used to determine eligibility. All screening information was self-reported. Potential participants who were eligible and expressed interest in participating in the study were mailed informed consent documents. Upon receipt of the signed written informed consent document, a wrist actigraph was shipped to participants. Participants were contacted by telephone to ascertain arrival and confirm placement on the nondominant arm. Participants wore the devices continuously for 7 days. At the end of the 7-day period, participants removed the wrist actigraphs and completed the Chalder Fatigue Scale, PROMIS instruments, and cognitive function tests. Blood samples were drawn at this time. All healthy controls and most HCT survivors (n = 10) made 1 visit to the site to complete questionnaires, cognitive functioning tests, and blood draws. Nonlocal HCT participants (n = 15) completed questionnaires and cognitive function testing in their home with a member of the research staff available via telephone. Biological samples were drawn at a national diagnostic laboratory near the nonlocal HCT participants' home.
Data Analysis
Descriptive statistics were computed for all variables to ensure the quality of the data (check distributions, examine outliers) and to describe the sample. Because multiple dependent variables were believed to be conceptually related, multivariate analysis of variance (MANOVA) was used to evaluate differences between the HCT survivors with persistent fatigue and healthy controls with occasional tiredness. All MANOVAs were conducted with subject group as the independent variable. The MANOVA models examined fatigue, anxiety/depression, cognitive functioning, objective PA/sleep, and all PROMIS instruments. Body mass index (BMI) is a potential confounding variable for IL-6 and CRP. 50 For this reason, BMI was controlled statistically using multivariate analysis of covariance with BMI entered as a covariate to examine the biological measures. We were primarily interested in identifying trends in data as this was a pilot study. An ! level of .05 was used for all statistical tests. and gender were comparable among groups. The sample was predominantly white (n = 42), followed by black/African American (n = 3), Hispanic (n = 1), Asian (n = 1), and unreported/ unknown (n = 3). The demographic characteristics are reported in Table 1 , and self-reported clinical characteristics for the HCT survivors are described in Table 2 . Descriptive statistics for all other variables are reported in Table 3 . Allogeneic HCT recipients constituted 76% of the HCT with persistent fatigue group (n = 19; sibling, matched unrelated, and haploidentical donors). There were no significant differences between autologous and allogeneic recipients on any of the variables.
Fatigue
The MANOVA with overall, physical, and mental fatigue (Chalder Fatigue Scale) and fatigue score from the Fatigue PROMIS score as dependent variables indicated significant differences between the groups: Pillai Trace = 0.576, F 3, 45 = 20.340, P < .001 (Figure) . Follow-up univariate analysis of variance (ANOVAs) revealed significant group differences for overall fatigue (Chalder Fatigue Scale), F 1, 47 = 52.701, P < .001; physical fatigue, F 1, 47 = 37.527, P < .001; mental fatigue, F 1, 47 = 47.171, P < .001; and fatigue (PROMIS), F 1, 47 = 22.646, P < .001. Hematopoietic stem cell transplantation survivors reported significantly more overall, physical, and mental fatigue than did healthy controls with occasional tiredness, thus clearly differentiating the 2 groups.
Anxiety and Depression
The MANOVA with anxiety (anxiety subscale of the HADS and anxiety PROMIS) and depression (depression subscale of the HADS and depression PROMIS) as dependent variables indicated significant differences between the groups: Pillai Trace = 0.294, F 4, 44 = 4.586, P < .005. Follow-up univariate ANOVAs revealed significant group differences for anxiety (HADS subscale), F 1, 47 = 52.701, P < .001; anxiety (PROMIS), F 1, 47 = 5.122, P < .05; depression (HADS subscale), F 1, 47 = 15.159, P < .001; and depression (PROMIS), F 1, 47 = 7.426, P < .01. Therefore, HCT survivors with persistent fatigue reported significantly more anxiety and depression than did healthy controls with occasional tiredness.
PA and Sleep
The MANOVA with PA, total sleep time, sleep latency, sleep efficiency, frequency, and duration of awakenings after sleep onset, and number of awakenings as dependent variables indicated no significant differences between groups.
Cognitive Functioning
The MANOVA with composite memory, verbal memory, visual memory, psychomotor speed, reaction time, complex attention, cognitive flexibility, processing speed, and executive function as dependent variables indicated no significant differences between groups. The single self-report item, ''How is your memory?'' from the Chalder Fatigue Scale was analyzed separately. Hematopoietic stem cell transplantation participants with persistent fatigue selfreported significantly worse memory compared with healthy controls with occasional tiredness (t 47 = 7.678, P < .001).
Biological Measures
The multivariate analysis of covariance with white blood cell, RBC, hemoglobin, hematocrit, CRP, IL-6, and TNF-! as dependent variables indicated significant differences between the groups: Pillai Trace = 0.486, F 7, 36 = 4.869, P = .001. Follow-up univariate ANOVAs revealed significant group differences for RBC, F 1, 42 = 15.842, P < .001; IL-6, F 1, 42 = 5.458, P < .05; and TNF-!, F 1, 42 = 11.803, P = .001. Although RBC levels were significantly lower in HCT survivors with persistent fatigue compared with healthy controls with occasional tiredness, the mean levels for both groups were in the normal range. Levels of IL-6 and TNF-! were significantly higher in HCT survivors with persistent fatigue compared with healthy controls with occasional tiredness. There was no correlation between IL-6 or TNF-! level and time of day for blood draw.
n Discussion
Moderate to severe persistent fatigue affects almost half of HCT survivors, yet little is known how persistent fatigue in this population differs from occasional tiredness found in the general population. This study provides preliminary evidence for the biobehavioral correlates of persistent fatigue lasting more than 6 months in HCT survivors who are cancer-free. Compared with healthy controls with occasional tiredness, HCT survivors with persistent fatigue experience greater anxiety and depression along with decreased RBC and hemoglobin levels. Levels of TNF-! and IL-6 were significantly elevated in the HCT survivors compared with the healthy controls and this may represent an important mechanistic pathway for fatigue via chronic inflammation. The roles of PA, sleep, and cognitive functioning, however, are less clear. These findings suggest a clear distinction between fatigue and tiredness and identify accompanying symptoms and biological differences. These findings provide clear direction for future examination of persistent fatigue and its potential biobehavioral correlates and may have important implications for interventions designed to reduce fatigue in longterm HCT survivors. As expected, there were large significant differences between the HCT survivors and healthy controls on all fatigue measures, indicating that the persistent fatigue experienced by HCT survivors is conceptually and empirically different from the occasional tiredness experienced by healthy controls. Multiple methodological strategies were implemented in this study to strengthen the design and, ultimately, confidence in the findings. For example, age-and gender-matched healthy controls with occasional tiredness were specifically chosen as the comparison group as it was imperative to first demonstrate that fatigue could be differentiated from tiredness when using common fatigue instruments that employ a 7-day recall. Potential participants with major depressive, anxiety, and/or sleep disorders were screened out in both groups, reducing the likelihood of fatigue from other conditions. In addition, participants in the healthy control group were free from disease normally associated with fatigue, further reducing this bias. Moreover, fatigue was measured using 2 different, well-established instruments, increasing the confidence in the results. Additional methodological strategies in future studies might include the addition of a third group, HCT participants with occasional tiredness. A 3-group study (HCT survivors with persistent fatigue, HCT survivors with occasional tiredness, and healthy controls with occasional tiredness) would explicate the differences between persistent fatigue in HCT survivors and occasional tiredness in HCT survivors as well as healthy controls further advancing our understanding of fatigue and cancer symptom science.
Advancing symptom science requires interpretation of study findings within the context of previous research. The study builds upon the work by Gielissen et al, 2 who reported that 35% to 41% of long-term HCT survivors (n = 98) experienced severe fatigue 1 to 15 years after transplantation. In the Gielissen study, dysregulated PA and sleep disturbances, using patient-reported measures, predicted severe fatigue. Building upon these findings, the current study included an age-and gender-matched control group and measured variables using objective assessments in addition to self-report. The findings from our study suggest that fatigue persists in HCT survivors compared with healthy controls despite adequate access to rest and sleep. There were no significant differences between HCT survivors and controls on any objectively measured sleep parameters or selfreport of sleep disturbances. These findings were somewhat surprising given the strong link between sleep and fatigue. On the other hand, these findings are consistent with the definition of cancer-related fatigue: fatigue despite adequate access to rest and sleep. Confidence in the findings is strengthened by the concurrent use of patient-reported sleep disturbances and objective sleep assessments obtained over 7 days. Our results, however, provide only preliminary evidence and must be interpreted with caution owing to the small sample size.
Emotional distress, a known biobehavioral correlate of fatigue, may be particularly problematic for some long-term HCT survivors and contribute to persistent fatigue in this population. Numerous psychological and cognitive sequelae have been documented after HCT, such as anxiety and depression, 51, 52 cognitive dysfunction, 53 and memory deficits memory deficits. 54 In the current study, anxiety and depression were significantly higher in HCT survivors compared with the healthy controls. Conversely, no significant differences were found between the 2 groups on any of the objective cognitive function tests despite the fact that the HCT survivors in this study reported significantly worse memory. The reason for the inconsistency between self-reported memory problems and objective memory tests is not known and requires further examination. Understanding the underlying mechanistic pathways to fatigue at the cellular level is important for advancing symptom science. In this study, the HCT survivor group had significantly lower RBC levels. Whereas anemia is associated with fatigue, the RBC and hemoglobin levels in the HCT survivors were within normal range. Importantly, the oxygen-carrying capacity as measured by hemoglobin was not statistically different between the 2 groups; yet, the HCT survivors reported significantly greater fatigue. This demonstrates the physiological complexity and persistence of fatigue even in the presence of normal laboratory values for oxygen carrying capacity. Levels of IL-6 and TNF-! were higher among HCT survivors compared with controls. These findings are consistent with findings in breast cancer survivors, with persistent fatigue and suggest chronic inflammation as a possible mechanistic pathway. 55 This is tempered by the finding that differences in CRP levels were expected but not found between the HCT survivors and healthy controls. Methodological procedures and the small sample size may account for the inability to find significant differences for CRP levels. The pathobiological/behavioral pathways to persistent fatigue have not been clearly articulated, and this represents an important direction for future research, particularly as it relates to developing targeted interventions.
Addressing the breadth and depth of the fatigue assessment and its associated biobehavioral correlates has important research and clinical implications. One of the most pressing difficulties associated with conducting fatigue research in HCT survivors is deciding upon the conceptual and operational definitions of fatigue and determining which, if any, biobehavioral correlates to build into the research. There is no universally accepted measure of fatigue in people with cancer, and this leads Data are presented as mean (SD). Abbreviations: CRP, C-reactive protein; HADS, Hospital Anxiety and Depression Scale; HCT, hematopoietic stem cell transplantation ; IL-6, interleukin-6; NS, no significant differences between HCT survivors and healthy controls; PROMIS, Patient Reported Outcomes Measurement Information System; RBC, red blood cell; TNF-!, tumor necrosis factor-!.
to the inability to generalize across studies. The sheer number of biobehavioral correlates of fatigue and the complexity of the relationships tests our ability to identify and include a reasonable number of biobehavioral variables in research studies to make a meaningful and comprehensive contribution without overwhelming participants. Barsevick and colleagues 56 introduced an organizing framework for cancer-related fatigue that identifies demographic, medical, behavioral/well-being, functional, and biological factors associated with fatigue, representing an important step for determining the most salient factors to assess in any given research study. The organizing framework also provides an important tool for clinicians. Conducting a thorough assessment of fatigue and potential contributing factors is crucial for developing a clinical management strategy. The Survivorship: Fatigue, V. 1.2014 (Clinical Practice Guidelines in Oncology) 57 and the Oncology Nursing Society's fatigue PEP guidelines 58 provide clear and realistic guidance for assessing and managing fatigue in clinical practice settings. Finally, several limitations potentially limit the generalizability of this study's findings. Other variables not assessed in this pilot study may impact the development of persistent fatigue in HCT survivors, such as type of conditioning regimen. For example, allogeneic HCT patients receiving a myeloablative compared with reduced intensity conditioning regimen may be at higher risk for developing persistent fatigue. Other treatment and/or clinical variables in HCT survivors, such as length of time since diagnosis and/or other comorbid conditions not assessed in this study, may also influence the development of fatigue. The clinical characteristics of all participants, including the HCT survivors, were self-reported in this study. Performing a complete health history or abstracting clinical and treatment data from medical records in future studies would provide greater insight into these relationships. Lastly, all of the participants in this study self-identified as either HCT survivors with persistent fatigue lasting more than 6 months or healthy controls with occasional tiredness. This sampling technique may have introduced selection bias as neither group may be representative of their respective populations.
n Conclusion
This pilot study provides preliminary conceptual and empirical support for the conceptualization of fatigue as existing on a continuum, with tiredness anchoring one end and exhaustion the other. The findings demonstrate that fatigue experienced by HCT survivors is quantitatively distinct from occasional tiredness experienced by age-and gender-matched healthy controls. Hematopoietic stem cell transplantation patients with persistent fatigue reported greater anxiety and depression and experienced reduced RBC levels (albeit in the normal range) and elevated TNF-! and IL-6 levels compared with healthy controls. Although HCT survivors reported impaired memory, the objective cognitive function tests were comparable with the controls. Finally, this study provides preliminary evidence that other symptoms and biological markers accompany persistent fatigue. Importantly, future research should include a variety of methodological approaches to assess fatigue and other biobehavioral factors to adequately capture the breadth and depth of this symptom to advance our understanding in HCT survivors.
